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Abstract

We propose a simple apparatus for detection of single
and multiple muons emerging from the DO colliding region.
The copious backgrouﬁd muon sources Ainherent in general
purpose detectors suggest a special purpose closed-geometry
detection scheme. The detector, constructed from magnetized
steel blocks and instrumented with drift tubes and
scintillator, is proposed to back up the LAPDOG (P-714) e,y
detector both in the <central region and in the
forward/backward regions. The combined apparatus will be a
powerful tool to explore 1lepton-photon physics at the
Fermilab collider and will complement the CDF program and
capabilities. We will measure the production of muons from
the FNAL collider as a function of vVs and Pi- Our trigger
background from punch-through and pi decay is below that for
CDF, allowing any muon signal to be more cleanly seen. This
will be especially important 1if the pion background is
larger than expected or if the production of heavy masses is

more momentum smeared than expected.




I. Introduction

The CDF group has done an elegant and thorough job of
outlining the overall motivation for studying collisions at

Vs=2 TeVl

. Our feeling is that a general purpose detector
must make compromises. In particular, the physics inherent
in prompt muon detection is of such interest as to make the
optimal design of a special purpose closed—- geometry muon
detector attractive. We propose to build an optimized ~muon
detector in the DO collision hall. - Our in£erest in leptons
led us rather naturally to approach the LAPDOG group (§—714)
with an eye to integration of the two detectors. During
joint discussions between the two groups it very quickly
became apparent that there was a lot to be gained for both
groups; the combined detector is much more powerful than the
simple sum of the two. The LAPDOG group has responded
positively to this idea and encouraged us to pursue it, A

letter from them is attached as Appendix A.

Our proposed muon detector does not compromise LAPDOG'in
any way. The advantages to them are that a natural way to
provide radiation shielding from beam gas interactions is
provided, and that the crude hadron calorimetry incorporated
in our muon detector will improve their e/m separation and
the view of event topology, to be discussed in more detail

below. It 1is clear to both the groups that 1if both



detectors are approved then we will integrate them
electronically and mechanically into a single power ful

detector built and exploited for physics by a single group.

We consider 90° muons to be impor tant for bossible new
phenomena. - Basieally, we have opened up the geometry to
accommodate a‘compact "core detector" such as LAPDOG. The
geometry is still "closed" with respéct to CDF. However, we
win back more than we lose by the use of topological cuts
provided by using the tracking and neutral particle energy
information of the "core detector"” and the energy deposition
in ﬁhe depth segmented muon detector. The LAPDOG detector
will provide tracking of charged  particles and energy of
electrons and photons. This inforhation is sufficient for
rejection of background jet events. However, we maintain a
compact closed geometry with sufficient thickness so as not
to be swamped with false triggers, yet thin enough to vield
data overlapping the‘ known Py regime. We feel that this
geometry is is an optimai compromise between an open setup

and a totally closed (and hence blind) experiment.

In the central region, our decay path is less than that
of CDF and our number of absorption lengths is larger. In

2 plan to add additional magnetized iron

the light of the UAl
absorbers in order to reduce the trigger rate, we consider

these advantages to be crucial.




Our geometry consists of stacks of magnetized 1iron
"puilding blocks" which are completely self contained. This
geometry allows us to easily assemble the detector, access
the core detector, orient the field direction more
advantageously and more easily segment the steel in depth.
Stray field proﬁlemé will be negligible since the magnetic

flux is entirely contained in the "building block".

We have decided to depth segment the detector absorber
for several reasons. Sampling’the trajectory will allow us
to study the triggers due to interactions and subsequent
punch~through to a low level. In addition, c¢rude
resolution, coarse grained measurements of hadron energy
will provide two additional constraints. First, topological
rejection of jets will be enhanced over the rejection
available from neutral particle energy alone. Second, the
LAPDOG e/m1 hadronic rejection will be improved by sampling
the shower developmentvafter the track exits from the rather
thin (X=2) LAPDOG detector. Three samples in our detector
at depths of 1, 2, and 3\ are sufficient for these purposes.
The segmentation in depth and the solid angle granularity in
{©,9d) are crude as ‘regafds calorimetry. Rather, the
detector will reduce u triggers, improve e cleanliness and

provide modest additional topological rejection factors.



The F/B region (5%¢<6<30° ,150%°<6<175° ) has a lower rate
and higher background for W physics than the central region.
Naturally, seeing both leptons in both ar@s gives one an
effective increase in luminosity. The F/B electroweak
asymmetry is a crucial handle on wt production. We feel
that both an E_grm and a B afm are needed to fully exploit
the expected asymmetry. - Aziﬁuthal acceptance 1is 2w. The
combination of short decay length, thick absorber, dual
independent momentum measurements (as in E~-605), and
powerful topological cuts makes this physics accessible to
P~?14/728. Combined with LAPDOG, both electon and muon
asymmetries are measured in the same apparatus. This factj
should reduce systematic errors. Multilepton production can
be studied with charge information on the muons for
59¢6<175° and with charge information on the electrons for
5%<0<25° and 175°<0<155°. This information is interesting in
its own right as a probe of heavv quark production. It will
also provide, {in a statistical and model independent way) a
subtraction of heavy quark vyields from the"electroweak
signal of interest, either in the single lepton wt signal or

in the dilepton z°

signal should backgrounds préver more
difficult than expected. "Prompt" leptons from heavy quark
decays dominate ﬁ*u decay backgrounds for pt>20 GeV/c.
Thus, one can study heavy flavor production by using

topological cuts. Like-sign dileptons signal heavy  flavor,

and like sign trimuons signal heavy flavors.




»

In the central region each of the 4 sides has a wall of
magnetized and instrumented steel at least 4 feet thick
backingv up thé lead glass P-714 detector. The Dbasic
building bloCks facilitate access to the "core detector".
Showers are sampled' with either scintillator or gas
calorimentry aftg} each of the first three layers (along
with core detector tower signals) to impose the condition
that the track did not interact for the first 5\. Tracking
will be done with "proportional tubes" operated in the drift

mode.

For the F/B regioﬂs the approach is much the same except
the field 1is toroidal. The air toroids and tracking
chambers of P-~714 measure angles and momentum. Shower
development is measured in P-714 lead glass for 2XA and then
in P-728 steel for 3\A. The steel is thicker than the central
region to accomodate the highér momentum secondaries which
punch through deeper. The center hole accomodates 1low B
quadrupoles and protects the main ring pipe with a current
sheet. Additional magnetic shielding can be provided if
necessary. Momentum is measured twice,.independently, in
recognition that the F/B region is morekdifficult than the

central region for leptons.



The F/B region (5°<e<30° ,150°<6<17S° ) has a lower rate
and higher background for W physics than the central region.
Naturally, seeing both leptons in both arms gives one an
effective increase in luminosity. The F/B electroweak
asymmetry is a crucial handle on W+ production. We‘ feel
that both an F _arm and a B arm are needed to fully exploit
the expected asymmetry. Azimuthal acceptaﬁce is 2m. The
combination of short decay 1length, thick absorber, dual
independent momentum measurements (as in E~605), and
powerful topological cuts makes this physics accessible tok
P-714/728. Combined with LAPDOG, both electon and muon
asymmetries are measured in the same apparatus. This factj
should reduce systematic errors. Multilepton productioh can
be studied with charge information on the muons for
59¢<6<175° and with charge information on the electrons for
59<5<25° and 1759<0<155°. This information is interesting in
its own right as a probe of heavy quark production. It will
also provide, {in a statistical and model independent way) a
subtraction of heavy quark vyields from the electroweak
signal of interest, either in the single lepton wr signal or
in the dilepton z° signal should backgrounds prové more
difficult than expected. "Prompt" leptons from heavy quark
decays dominate w*u decay backgrounds for pt>20 GeV/c.
Thus, one can study heavy flavor ’production by using
topological cuts. Like-sign dileptons signal heavy flavor,

and like sign trimuons signal heavy flavors.




In the central region each of the 4 sides has a wall of
magnetized and instrumented steel at least 4 feet thick
backing up the lead glass P-714 detector. The basic
building blocks facilitate access to the "core detector”.
Showers are sampled_ with either scintillator or . gas
calor imentry after each of the first three layers (along
with core detector tower signals) to impose the condition
that the track did not interact for the first 5A. Tracking
will be done with "proportional tubes" operated in the drift

mode.

For the F/B regioﬁs the approach is much the same except
the field is toroidal. The air toroids and tracking
chambers of- P-~714 measure angles and momentum. Shower
development 1is measured in P-714 lead glass for 2A and then
in P-728 steel for 3A. The steel is thicker than the central
region to accomodate the higher momentum secondaries which
punch through deeper. The center hole accomodates low B
guadrupoles and protects the main ring pipe with a current
sheet. Additional magnetic shielding can be provided if
necessary. Momentum is measured twice, independently, in
recognition that the F/B region is more difficult than the

central region for leptons.



I. Physics Motivation

A. Electroweak Boson Production

The production cross section for W and decay branching
3

ratios are taken to be

+ —— —
o{W ) + oW ) 2 g = 3.x10 32, and B(W+pyv) = 8%.

Assuming an integrated 1luminosity of 1036 cm—2 we expect
+ .

1200 W~'s in the central (C) detector and 220 Wf‘s~into both

the forward (F) and backward (B) detectors. The detection

efficiency is taken to be 1/2 (1/6) in the C (F,B) region.

Figures 1 and 2 show the rates into the central
detector. The shape of the muon spectrum as a function of
Pt has been taken from a Monte Carlo Model4, and the result
is shown in Fig. 1. The Jacobian peak shown in Fig. 2a

will be somewhat washed out by the experimental momentum

resolution as shown in figure 2b.

Figures 3 and 4 show the rates into the F,B detectors.
In the central region the charge asymmetry of the W decays
is too small to measure. In the F/B regions the asymmetry
is sizable. Figures 3a and 4a show the u+ and u vyields
into the F detector, while Figures 3b and 4b éhow the

asymmetry, defined as

N(pT) - N(uh)
A =

N(p ) + N(u)
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For the expected yields of 150 u+ and 70 u  in the F

detector, A = 1/3.

Figure 4 shows the effect of resolution on the yield and
asymmetry. - Noté” that in the F/B regions there are two
independent momentum measurements, one from the LAPDOG air
toroid and one from the ~muon steel toroid. The two
resolutions are comparable, and the net resolution is

indicated by the horizontal bar in the figure.

The 2z° cross section and muonic branching ratio are

taken to be
0(z% = 10732 cm?, and B(z%utuT) = 3%.

The detection efficiency into the combined_?, C, B detectors
is (29 = 1/2. Using tﬁe usual (1036) luminosity the yield
is approximately 150 detected dimuon events. As discussed
below (Multileptons), the major background is due to the
decays of heavy flavors. Using the charge identification
available from this detector we can estimate the heavy

flavor backgrounds from like-~sign ‘dimuon and the trimuon

rates.

In Fig. 5a is plotted the smearing of the ZQ signal by

the momentum resolution. While we are unable to measure the

z° width the total yield into dimuons is a useful check  on
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the LAPDOG high resolution measurement of on. As shown in
Fig. 5b the 150 events are clearly detectable over the
heavy gquark background. Note that bthe background appears
slightly 1larger than that in Fig. 8b. The increase is
because here the momentum resolution has béen folded in.
This factor is roughly 1.7 at M = 40’GeV. Backgrounds other.
than from heavy quark 'decay are neglected. As will be
discussed below, in the case of the single lepton spectrum,
they are small. The expectation 1is that single lepton
backgrounds will be more difficult than multilepton

backgrounds.




._]_2-.
B. New Phenomena

Many other more exotic’ sources of leptons can be
imagined. The muon detector together with the -high
resolution electron and photon capability of the LAPDOG
detector will Hévev no equal at seeing these events. New
generations will yield multilieptoﬁs. Heavy leptons will
yield Jacobian peaks from Li+nfv or mass peaks‘fromrL9+u+u'.
Decays such as Mf+u+y' or‘ Wi+uiy have spectacular
. experimental signatures. ~ In this speculative kvein, the
angular distribution do/dn is shown in Figqg. 6 for the
j production of very massive objects using the
Bourquen—-Gaillard phenomenological model. Clean muon
detection at wide angles 1is crucial should such a heavy

- object be produced at the FNAL collider.
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C. Heavy Flavors

The study of heavy flavor production is an important
physics goal in itself, but in the discussion of heavy boson
detection the heavy flavor decays are a background source to
be removed. We have two distinct but overlapping methods to
isolate and map heavy flavor decays. One uses the
topological information from the LAPDOG detector to select
or veto events coming from jets. The other uses the charge
informatioh from the muon detector. The sequential decays
from the jet events will be analyzed to study heavy flavor
production and the like-sign dimuons and trimuons will be
used to estimate backgrounds remaining in the heavy boson

signal after the topological cuts have been applied.

In Fig. 7a is shown the expected cross sections for
~heavy quark pairs. Note that bb and tt production are
copious on the scale of wt or 2° production. For branching
ratios we take B(c+u+v d) = 1/10 and color counting is used
to estimate B(b>p™v ¢) = 1/6 and b(trbu’v ) = 3/20. Under
these assumptions the like-sign and unlike- sign dimuon
rates in Figqg. 7b .are derived. Substantial rates for

dimuons are expected.
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Table I shows the dimuon and trimuon branching ratios
expected. bb is signalled by dimuons while tt is signalled

by trimuons.

— ' TABLE I
Heavy
Quarks Final State Branching Ratio
(Color Counting)
+ - + x - ‘
Bu T u+u p* uiuiut
cc 1/100 0 0 0
bb 1/14 1/30 1/90 0
tt 1/10 1/20 1/40 1/200

A crude estimate of the angular distribution | of
multilepton sources 1is shown in Fig. 8a. The F,C, and B
detectors give good coverage of z° and Et leptons while
leptons from bb and c¢c extend to smaller angles.
Integrating over angleé, the yield of dimuons expected in a
Monte Carlo model5 is shown is Fig. 8b. Note that heavy
flavor decays bury the Drell-Yan signal by large factors.
Unless incisive topological cuts are available the Drell-Yan
signal in general, and the J/y, T signals in particualr, are

likely to be unobservable at the collider.



As shown in Fig. 8b, like-sign dimuons, indicating bb

production are easily observable. Similarly, like-sign
trimuons occur at observable rates, indicating tt
production. Note that the invariant mass of these

muitileptons extends out to substantial values.

Topological cuts (isolation, missing Pt) will be used to
separate heavy boson decays from heavy flavor decays.
Like~sign dimuons and trimuons will be used to estimate the
residual contamination in the heavy boson sample. The heavy

flavor sample will be‘analyzed in its own right.




D. Single Lepton Backgrounds

To evaluate backgrounds, the pion yield is taken from
extrapolated data?, and the muon yield from semileptonic
decay of heavy flavors is taken from a model which has been

fitted to all data8

. Over the range of pseudorapidity (n )
covered by this experiment the yield is assumed to be
constant in n. All rates are quoted assuming an integrated

luminosity of 1036 cn2.

Decay backgrounds are calculated taking a decay path
from the collision point to 1A into the LAPDOG detector.
The rejection factor is 0.016/p for the central region and
0.054/p = 0.014/pt for the F/B regions; these factors are
roughly equal. The resulting decay background rates are

shown in Fig. 9.

Reavy flavor backgrounds are taken directly from
reference 8. A "top“ mass of 20 GeV/c2 is assumed in this
model. For Py > 20 GeV prompt muons from heavy quarks
dominate the decay background in both the F/B and central
regions. The Drell-Yan rate 1is ignored since it is

dominated by muons from heavy quarks.



Aléo sﬁown in Figqg. 8 1is the punch-through due to
hadrons which do not interact. The rejection factors are
9000 in the central region and 49,000 in the F/B regions
which are thicker. In both caseé non-interacting

punch—-through is .a minor source of background.

The question of interacting punch—through still needs to
be adressed. Basically the question is "where is a shower
punch~through in phase space?" The UAl collaboration quotes
large rejection factors on the basis of exit angle and

position aloneg. For example, at Py = 30 GeV/c the quoted
6

rejection factors, scaled to our geometry, are 2.5x10" in
the central region and 5%10 7 in the F/B regions. These
factors are substantially larger than those for

non-interacting punch-through. 1In addition, this experiment
haé constrained line-line momentum tracking in the central
region, and an independent momentum measurement from LAPDOG
in the F/B regions. Given these additional constraints on
phase épace we have ignored backgrounds due to interacting

punch~through.

Given the steeply falling background the experimental

resolution is important. An exponential yield,

N(p) = Noe"b(p“po)

when convoluted with a Gaussian resolution,

'y 2 2
P(o,p')= — e (P7P')7/20
V2T




gives an observed yield,

. 2 2 |
-y ! L2 !
bip Do) eb c /2 |

N(p')=N_e l

For example, at Py = 30 GeV the slope is b=0.2 Gev"l. With a

resolution 6pt= 0.2 the rate in the central region |is
raised by a factor of 2.05. In the F/B regions the LAPDOG
toroid has a resgiution §p./p =0.005 pg while the steel
toroid has a resolution §p/p=0.16. At Py = 30 GeV/c, folding
the resolutions in quadrature, the factor is only '1.25 in

the F/B regions.

As seen above the major backgrounds are from decays of
heavy quarks and high Py hadrons. Both sources presumably
originate in high'pt jets. This‘being the case we can use
the energy flow pattern from both LAPDOG and our hadron
calorimetry to remove many of these events on topological
grounds. The. rejection factors have been evaluated using
the jet Monte Carlo program "ISAJET". There are basically
two factors, one due toz the fact that the muon is
unaccompanied by other jet fragments (thé "toward" factor),
and the other due to the fact that the neutrino is unseen
leading to missing Pt (the "away" factor). At a = of 30
GeV/c the toward factor is 1/16 and the away factor is 1/10.
These factors are evaluated conservatively 1in that the
central calorimentor information is not used. The resulting

single lepton backgrounds after topological cuts are shown

in Fig. 10.


http:ap/p=0.16

IIT. Description of Apparatus

A. Design Criteria

An elevation view of one half of the detector is shown
in Fig 11. The ?Eher half images what is shown in the
figure. The central and Forward/Backward regions are very
similar in design. Drift tubes before and after the
magnetized absorber provide the trigger as well as track
information. Vertex tracking for off-line analysis comes
from LAPDOG's tracking chambers. Scintillation counters
inserted in the irod sample shower energy deposition to

provide calorimetry.

There are four basic design criteria:

1. The iron must be thick enough to absorb showers

effectively.

2. [B.d1 coupled with tracking granularity must provide
momentum measurement errors smaller than multiple scattering

up to 100 GeV/c.

3. The calorimetry must be sufficient to detect energy
which might otherwise have been ascribed to an undetected

neutrino.
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¥

4. Occupancy in any detector element must be low.

Occupancy is defined to be the probability of a hit in a

detector element per inclusive inelastic event. In
calculating the occupancy a rapidity density % %% =3 was
used.l0

o~

The result from optimizing the design to meet these
criteria 1is a detector with 1500 tons of magnetized steel
instrumented by 300 phototubes and 13,000 drift tubes.
Table II shows the main parameters (rapidity coverage,
weight, number and occupancy of elements ) for each of the

F, C, and B regions.

TABLE II

MAIN PARAMETERS OF DETECTORS

Detector | An |Weight N Cccupancy N Occunancy
(tons)| Proo (%) Scint (%)
Tubes ' ,
F, B 1.6 220 4096 1.25 72 6.7
(5 cm
C 1.8] 1100 4960 1.1 128 4.1
(10 cm)
Total 5.0|] 1540 | 13152 1.2 272 6
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B. Central Region Detector.

AA view of the central detector is shown ianig. 12.
The core region contains the LAPDOG detector. It is
surrounded by a layer of drift tubes followed by magnetized
steel wallé, eachhlzﬂ cm thick. Following the steel are two
more layers of drift tubes separated by 40 cm. These last
two layers supply the exiting muon track vector. The tubes
are 10 cm wide, which means a drift distance of 5 cm and a
drift time of 1 u sec. Each layer is a crossed xx'yy'

assembly. Additional x,y tracking and stereo ambiguity

resolution 1is supplied by the LAPDOG detector. Typical

occupancy of these tubes is 1%.

Bach of the four identical walls (top, left, right,
bottom) is compésed of six laminae of 20 cm thick steel.
The laminae in each wall get wider and longer moving é&éy
from the beam, growing from 3.6 m wide by 5.4 m long to 5.6
wide by 8.4 m long. For each wall the construction is to
build each lamina from two blocks of steel; both blocks are
full length but only half the width of the lamina. For
example, the eight blocks closest to the beam are each 1.8 m
wide by 5.4 m long, and 20 cm thick. There are 48 blocks in

all, 8 in each of the 6 concentric laminae.

Each of the 48 steel blocks is wound at the ends with
wire to generate a very distorted toroidal field as shown in

fig. 12. When the blocks are stacked the absorber has




magnetic fields along the beam line; i.e.,‘barrel stave
fields. There are 8 sgtaves (fields) cO#ering the 2n
azimuth. Four of them, one in the center of each wall,
cover 2r/6 each. The other four barrel stave fields are in
the corners where the absorber walls meet, each covering
21 /12. The eightﬂfields alternate direction, the wall center
fields going with the protons and the corner fields going
with the antiérotons, or vice versa. The flux returns are

outside the 8 = 90° + 45° coverage of the central barrel.

Each lamina has 8 small gaps in its azimuthal coverage
but by cénstruction the gaps are aligned to point at the
beam line 50 the loss 1in acceptance 1is negligible. The
assumed field 1is only 14 kG to minimize fringe field
leakage, power, and water cooling. The resulting 'barrel
stave' magnetic field configuration is essential to confine
the muon bending to the transverse plane so as to allow for
a fast on-line momentum-threshold trigger. In the
transverse plane the muon is constrained to come from a
point (the beam 1line) whereas in a longitudinal plane the
muon may originate anywhere 1is the 1 meter interaction

region.

At present the calorimetry sampling is envisioned to be
by scintillation counters placed after each of the first

three 20 cm steel slabs. This corresponds to sampling at
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depths of 1, 21, 3A. There are 32 ¢ samples and 4 ¢
samples, 1leading to a typical occupancy of 4%. Both the
scintillators and the drift tubes are divided in 6 to
decrease the occupancy. The tubes have two divisions in @
while the scintillators have four.

The active 2\ of the LAPDOG detéctor plus the 3X of the
steel calorimetry provide adequate depth. The resolution
versus depth for a 30 GeV/c Py pion is shown in figqg. l4a
indicating that resolution does not improve beyond 5\ . The
steel shower sampling is rathér coarse as indicated in Fig
14b where resolution versus thickness is shown.
Nonetheless, for the purposes of topological cuts and
improved hadron rejection for LAPDOG this resolution is

sufficient.

C. Forward/Backward Detectors

There are seven octagons of magnetized steel, each a 20
cm thick toroid having a 14 kG field. The added depth is
required on the basis of desiring one punch-through hit per
incident hadron at Py = 30 GeV/cll. The drift tube tracking
is three layers of xx'yy' assemblies but the exiting muon
layer arm has been increased to 60 cm because’of the redﬁced
multiple scattering at p,_ = 30 GeV/c (px1ll0 GeV/c}. Tube

t
width is reduced to 5 cm to preserve the 1% occupancy since
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particle density has increased. The slightly improved
momentum resolution, folding in the LAPDOG air toroid
measurement, is desirable for the delicate F/B nmnmuon

asymmetry measurement.

The scintillator arrangement is shown in fig. 13.
There are again three samples at depths of lA, 2., and .
The segmentation consists of 32 divisions in¢ and two ing.
All segments are roughly equal in rapidity. The average
occupancy is 6.7% which is comparéble to that of the central

detector.

D. Summary of Apparatus

The occupancy for all tracking tubes is desired to be
approximately 1%, and this, together with the requirement
that resolution be better than multiple scattering, has
dictated the cell size. The exiting muon lever arm has been
set so that multiple scattering dominates measurement error
for pg: 100 GeV/c. The steel thickness is such that less
than one punchthrough track per incident track exits for
p€=30 GeV/c. This requirement ensures that nonninteracting
punchthrough 1is a minor hbackground. The remaining
interacting punchthrough can be removed'using the 'Coulomb

telescope' method of matching the entering and exiting track



.

vectors. The calorimeter resolution is adequate for its
purposes. In short, the apparatus is a superb muon detector

providing crude but sufficient calorimetry.

e
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IV Trigger Rates

Introduction

Triggers are generated by charged particles exiting the
absorber and p;;sing through the two tube layers. The
background spectrum from m and K decays and punchthrough has
a steeply falling Pe dependence, SN/dpt2 « exp(~bpt) where b
= 4, The absorber depth is such that less than one particle
exits for each showering hadron incident at P, = 30 Gév/c,
but for this discussion we are conservatively assuming one
exiting particle for each incident pafticle,with P, greater
than the absorber cutoff. Even though the absorber cuts off
99% of the incident spectrum, the remaining 1% is still too
much for the final trigger decision which needs to process
the appropriate drift times (TDC's) in order to determine

the precise Py

To lower the rate we filter with a first-level . trigger
which uses tube hits (i.e., without drift times) to estimate
the Py - This first level is set to be fully efficient at Py
= 10 GéV/c, and has decreasing pass~through down to Py = 3
GeV/c. It is particularly efficient at removing shower
leakage particles which exit at wide angles. 1In estimating

the rate into the second level we are again conservative in
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that we assume all particles above 3 GeV/c feed through the
first level. Our concluding estimate of the‘rate into the
second level is 21 Bz in agreement with the appropriately
scaled measurement at Ual. The final trigger rate
initiating readout of the detector can be set as low as
desired by raising the threshold on the second level
pass—~through. The real trigger rate will have contributions
from multimuons at lower thresholds and probably from

triggers looking for e—u events.

In the F/B regions the rates and trigger processing are
similar to those in the central region. The absorber is
thicker to contain the higher momentum hadron showers and
the trigger rate 1is dominated by hadron decay into muons.
The F/B trigger rate will be adjusted with the threshold on

the first level trigger.

Calculation To estimate trigger rates we take a central
0 3,0

densityl of l/c.do/dn = 3, a luminosity of 10

cm-zsec"l, and an inelastic c¢ross section GI=50 mb.

Multiplying these by An = 1.8 for the central detector gives

‘the rate RC

GeV/c.  Cutting the spectrum dN/dpt = exp(-bp,) 1.7 GeV/c

= 270 KHz. The absorber has a Py cutoff of 1.7

leaves (bpt + l)exp(mbpt) = 0.9% for b = 4, The rate

exiting the absorber is R, (p, > 1.7) = 2.3 Kiz. Although
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the absorber depth 1leaks 1less than one particle per
showering incident particle at Py = 30 GeV/c, we are here
assuming one exiting particle per incident particle above Py
= 1.7 Gev/c. The first level pass-through requires
that the particle traverse pre-set "look-up" roads through
the tubes. The Eﬁbeé in each layer are staggered 10 cm
cells so that the angular resolution is 5 cm. divided by 40
cm. To ensure full efficiency at Py = 10 GeV/c we set‘ the
road resolution at Py = 3 GeV/c. Assuming full efficiency
at 3 GeV/c the rate to the second level is RC (bpt + 1) exp

(~bpt) = 21 Hz. This rate is low enough to maintain a small

deadtime from the second level.

Single muon trigger rates have been measured at the UAl
detector and have been found to be too high for the second
level decision time. The present upgrade of that detector
is adding 60 cm. of steel to the side walls and 40 ém. to

the top. The estimate from UAl for a luminosity of 1030'

em™ 2 sec ! is 80 Hz. for 6 A absorber and 8 Hz. for 9 A.
The road resolution in the first level decision at UAl is a
little better because of the 60 cm. separation between the

measuring stations. More information will be forthcoming

soon from UAl and we will use it to refine these estimates.
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The tfigger in this experiment is the appearance of a
track behind the magnetized iron absorber. At this level a
track is defined as a triple coincidence of hits in a road
through the tubes. Because the muon originates at the beam
line and bends in the transverse plane only, each road
corresponds to a'momentum window. The roads will be defined
to accept P, = 10 GeV/c with full efficiency. The tube size
then allows triggers from lower p, muons to leak through
with decreasing efficiency down to Py = 3 GevV/c. This cut
is suﬁfiﬁient to pace the slower second level trigger which

reads the TDC's for the appropriate road and makes a precise

calculation of Py -




V. Impact on Fermilab

The regions 25%9<45° and 135<9<155° are obviously hoies
in the detectors. Filling these regions must be considered
in the context of a detailed engineering >integration of
P-714 and P-~728 taking into account installation and

maintenance requirements.

Detailed design may also succeed in reducing the
transverse dimensions of the core detector. That would
allow us to either increase our steel thickness or reduce

the dimension of the required collision hall.

The total weight of steel is estimated at 1000 tons in
the central detector and 500 in the F/B detectors. The

volume of the apparatus is within the 750 m3

guideline for
the D0 area. A rough cost estimate 1is §2 M for the
experiment, of which the major portion is for the high
quality steel necessary for the "building block" type of

construction.

It is also clear to us that our muon detector requires
larger <collision and assembly halls than several other
proposals or than for LAPDOG by itself. 0f course, there
are long range advantages to constructing a large D0 area

now, rather than making a small one and having later to



.

enlarge it. We feel that the physics we propose justifies
the size area required. However, in an attempt to réduce
the total financial impact on the U.S. high energy physics
budget of the DO civil construction plus detector we have
started some preliminary inquiries into obtaining the steel

blocks from outs{ae the U.S.

We feel the same sorts of time pressurés discussed by
pP~-714 in their February 1 submission to the P.A.C.:
competition from other accelerators, long lead time in
designing and ordering the components of this large system,
and design and cohstruction of the DO experimental area
which cannot really start seriously until an experiment(s)

is/are approved. Therefore we urge an early decision.




- 32 -

FIGURE CAPTIONS

Muon yield into the central detector. The -
background before and after topological cuts is
shown for comparison. Rates assume an integrated

luminosity of 103¢ cn™2.

wirptv yield 1into the central detector. Rates
assume an integrated luminosity of 1036 cm“z.

(a) before resolution smearing

(b) after resolution smear ing

{a) Wt yiéld into the F,B detector.

(b) Wt asymmetry in'tbe F,B detector.

same as figure 3 but showing the effect of

resolution smearing.

Yield of 2z° events.
{a) effect of momentum smearing on the mass
spectrum

{b) heavy quark backgrounds in the z© region.

Angular distribution for production of very massive

objects.

(a) The expected cross section for the production
of heavy quark pairs.
(b} The dimuon yield from heavy flavor decays as a

function of quark mass.
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11.

12.

13.

14.

(a) Angular distribution of various multilepton
sources.
(b)) The dimuon yield as a function of dimuon mass

from heavy flavor decays. The Drell-Yan signal is

much smaller and shown for comparison.

Single lepton background rates.
(a) into the central detector

(b) into the forward or backward detector.

The sum of single 1lepton backgrounds before and
after topological cuts.
(a) into the central detector

(b} into the forward or backward detector.
Elevation view of the experimental apparatus.

View of the central detector. Only 3 of the 4

identical sides are shown.

Cross section through the F,B detector showing the

arrangements of scintillators.

(a) Resolution vs. depth for a 30 GeV/c'muon.
(b) Resolution vs. sampling thickness for a 30

GeV/c muon.
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Appendix A Deparvment of Physics
State University of New York st Stony Brook

Stony Brook, NY 11704

StonYBro Ok » telephone: (516} 2466580

e

January 12, 1983

Dr. D. Green and

Dr. E. Malamud

Fermi National Accelerator Lab
P.O. Box 500

Batavia, IL 60510

Dear Dan and Ernie,

We have read with interest your letter of intent (P728) to upgrade
the LAPDOG experiment by the addition of muon detection outside of our
central detector.

We chose not to propose muon detection in LAPDOG because we felt that
with the limited resources of a small (by comparison to CDF) collaboration,
we should concentrate all of our efforts on doing a limited range of physics
very well. Thus, our highest priority was, and still is, studying high
transverse momentum electromagnetic particles with good spatial and energy
resolution. With this in mind, we welcome your proposal to extend the physics
that can be accomplished at DO, as long as we do not have to compromise our
abilities to carry out our proposal.

We view your effort as a cost-effective way of doubling the available
luminosity for the study of the leptonic decay modes of the vector bosons.
Our examination of your proposal indicates .that, in addition to extension of
the physics program, your muon detectors will help us by providing needed
shielding along the beam lines, and by enabling us to identify events with

large missing pT.

If the PAC approves both of our proposals, we would expect to cooperate
closely with your group to ensure the successful exccution of both experiments.

Sincerely,
MM; jd ' Paul D. Grannis - Michael Marx

For the LAPDOG collaboration




APPENDIX B

MEASUREMENT OF MUON MOMENTUM

N

Muon Momenta will be measured using LAPDOG PWC's plus P-728
drift tubes to measure entrance angle and position. This
will be followed by 1 meter of magnetized iron (14 kg.) and
then 2 more stations of drift tubes té measure exit angle
and position. The layout is shown in figure B.l. Note that
in contrast with the layout drawings in tﬁe text,‘the steel
immediately follows the iead glass. The amount of space, if
any, between the lead glass and the steel will depend on the
final design of the LAPDOG detector.

The proportional tubes are assumed to have a position
resolution of + 0.2 mm and thus, the exit angle is measured
to + 0.7 mrad. The resolution is dominated by the multiple
scattering in the steel and is given by:

dp/p = 2ar/d = + 0.18
where d = B_ SQRT (L_ {3 + a/(1+5)} )

and a=3335.6 kg.-cm.-GeV, r=14 MevV, B

i

14 kg., Lo =
radiation lengths of steel, § = ratio of depth (in radiation

lengths) of the lead glass to the steel.



The bend angle, multiple scattering angle, displacement,
and multiple scattering displacement are shown in figure
B.1. The ratio of 0.2 between multiple scattering and bend
is not "unreasonable. Also shown in the figure is the
iﬁtrinsic error which is dominated by multiple scattering

for momenta <100 GeV/c.

The above discussion has been for the C region. One can
easily scale to the F/B region. In this region, L_ is 1.5
m, ll is'60 cm., and sin® = 0.26. Thus dpt/pt = dp/p = *
0.16. Referring to the figufe, the bend angles go down by a
factor of 1.25sin8 = 0.325, the multiple scattering angles
go down by a factor SORT(1.5)sin® = 0.29, while the
measurement error goes down by a factor 4/6 = 0.67. Rough
scaling"between the F/B and C regions has been maintained
except for the measurement error. waever, in the F/B
region measurements will be augmented by using the LAPDOG

tracking chambers.
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The bend angle, multiple scattering angle, displacement,
and multiple scattering displacement are shown in figure
B.l. The ratio of 0.2 between multiple scattering and bend
is not unreasonable. Also shown in the figure is the

intrinsic error which is dominated by multiple scattering

- for momenta <100 GeV/c.

The above discussion has been for the C region. One can
easily scale to the F/B region. In this region, L, is 1.5
m, %l 15.60 cm., and sin8 = 0.26. Thus dpt/pt = dp/p = #+
0.16. Referring to the figure, the bend angles go down by a
factor of 1.25sin8 = 0.325, the multiple scattering angles
go down by a factor SQRT(l.5)sind = 0.29; wﬁile the
measurement error goes down by a faétor 4/6 = 0.67. Rough
scaling between the F/B and C regions has been maintained
except for the measurement error. However, in the F/B
region measurements will be augmented by using the LAPDOG

tracking chambers.
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